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ABSTRACT
Objectives This study aimed to explore the association 
between maternal age and smoking during the second 
and third trimesters of pregnancy across socioeconomic 
groups and to evaluate the interacting effect of maternal 
age and socioeconomic status on smoking with a view to 
informing public health interventions.
Design This is a register- based study.
Settings Data from the Finnish Medical Birth Register 
were cross- linked with background data from Statistics 
Finland.
Participants The information of 932 671 pregnant 
women who gave birth in Finland from 2000 to 2015.
Main outcome measures Maternal smoking during the 
second and third trimesters of pregnancy by occupation 
and maternal age.
Results The proportion of women who smoked during 
the second and third trimesters of pregnancy was 
10.5%. Using women 30–34 years as the reference 
group, adjusted ORs (aOR) and 95% CIs for smoking 
were 6.02 (5.81 to 6.24) in women below 20 years 
and 2.77 (2.71 to 2.84) in women 20 to 24 years. The 
prevalence of smoking across socioeconomic groups 
compared with upper- level employees increased, 
peaking for women in manual occupations (aOR 3.39, 
95% CI 3.25 to 3.52) and unemployed women (aOR 
4.49, 95% CI 4.30 to 4.68). Significant interactions on 
the additive scale with the relative excess risk due to 
interaction >2 were found for unemployed women aged 
25–29 years and for teenage mothers and mothers aged 
20–24 years across all socioeconomic groups, but not 
for self- employed women.
Conclusions Smoking during the second and third 
trimesters of pregnancy was most common among 
teenage mothers across all socioeconomic groups. The 
association between maternal age and smoking differed 
by socioeconomic status for young mothers. Interventions 
should address a wider range of maternal risk factors 
among young mothers with low socioeconomic status and 
simultaneously target a broader number of women who 
smoke during the pregnancy.
INTRODUCTION
Finland has a long history to pursue progres-
sive tobacco policies, and the first Tobacco 
Control Act was introduced in 1976.1 In order 
to achieve the goals in the Tobacco Control 
Act, an action plan has been introduced. The 
Action Plan vision is to achieve smoke- free 
Finland in a way that the smoking rate would 
be less than 2% in 2040.1 Raising taxes and 
prices, restricting access to tobacco products 
and information campaigns are some of the 
measures to promote the objectives of the 
Action Plan.1 As a result, smoking rates in 
the Finnish population are decreasing and 
the objective of making Finland smoke- free 
could be reached by the year 2030.2 However, 
smoking during the pregnancy is still preva-
lent in Finland.3
Smoking during the pregnancy, as a modi-
fiable maternal risk factor, has been reported 
to increase the risk of numerous adverse 
maternal and neonatal outcomes, including 
placenta previa, placental abruption, preterm 
birth, low birth weight, small for gestational 
age, neonatal intensive care admission, birth 
defects and sudden infant death syndrome.4–8 
The proportion of women who smoke during 
pregnancy varies across countries; in the USA 
Strengths and limitations of this study
 ► This study uses high- quality total population data 
with high coverage and validity.
 ► The self- reported smoking habits during pregnancy 
in our data have been shown to be reliable and well 
covered in the Finnish Medical Birth Register.
 ► Socioeconomic status was defined based on mater-
nal occupation, because no information was avail-
able on education and individual income.
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7.2% in 2016, in Northwest Russia 18.9% of women and 
in Europe, ranging from 3.6% in Norway to 18.3% in 
Valencia in 2015. 9–11 The share in Finland was 7.5% in 
2015.10 A number of individual- level characteristics have 
been associated with increased risk of smoking during the 
pregnancy, including maternal age, marital status, educa-
tional level, income, ethnicity and residential area.12–15
In addition, studies have documented that women 
with low socioeconomic status were more susceptible to 
adverse pregnancy outcomes.16 17 In such studies, smoking 
during pregnancy was the most important extraneous 
factor that was related to the higher risks of adverse preg-
nancy outcomes among low socioeconomic groups.7 16 18 
Studies indicated that socioeconomic disparities in the 
risk of preterm birth have been observed to widen with 
increasing female age, in an interactive and cumulative 
way; women from low socioeconomic groups are more 
vulnerable to adverse effects of risk factors than women 
from high socioeconomic groups.19 Thus, the prevalence 
of maternal risk factors partly explained the increased 
adverse pregnancy outcomes among low socioeconomic 
groups. Mechanisms underlying this disproportionate 
disparity in pregnancy outcomes remain unclear.19
Studies have evaluated the trend and pattern of 
smoking during pregnancy, but evidence regarding the 
joint effects of maternal age and socioeconomic status 
on the risk of smoking during pregnancy is scarce. Thus, 
this study aimed to explore the association between 
maternal age and smoking during the second and third 
trimesters of pregnancy across socioeconomic groups, to 
evaluate how socioeconomic status modifies the associa-
tion between maternal age and smoking, and to inform 
public health interventions policies by identifying high- 
risk women to minimise the number of mothers smoking 
during the pregnancy in Finland.
METHODS
Data and study population
In this register- based study, we used the data from the 
Finnish Medical Birth Register (MBR) and Statistics 
Finland, including the information of 932 671 women 
giving birth from 2000 to 2015. In Finland, maternity care 
is publicly funded and all women have universal access 
to antenatal and other medical care. All live births and 
stillbirths with a birth weight of at least 500 g or with a 
gestational age of at least 22 weeks have been registered 
in MBR since 1987 and maintained by the Finnish Insti-
tute for Health and Welfare (THL).20 The MBR includes 
individual- level information on maternal background, 
pregnancy and delivery characteristics of all births. The 
data are collected at hospitals and sent electronically to 
THL where it is reviewed. The data from MBR and Statis-
tics Finland were linked by using explicit and unique 
personal identity code, which was removed from the 
data after the statistical authorities completed the data 
linkages.
Variables and definitions
The variable maternal age was considered as a categor-
ical variable and divided into the following categories: 
<19 (teenage births), 20–24, 25–29, 30–34 and >35 (birth 
among women with advanced age). The age category of 
30–34 was considered as the reference group, because 
women in this category were least likely to smoke during 
pregnancy (based on cross- tabulations).
The socioeconomic status was defined by maternal 
occupation at the time of delivery (from MBR). Year- end 
data on occupational class were derived from the register 
of Statistics Finland. The categorisation of occupational 
classes was based on the socioeconomic classification of 
Statistics Finland, a widely used classification of social 
position.21 We focused on the following categories: self- 
employed persons; upper- level employees (administra-
tive, managerial, professional and related occupations); 
lower- level employees (administrative and clerical occu-
pations); manual workers; students; long- term unem-
ployed; socioeconomic status unknown. Socioeconomic 
status unknown included women without occupation. 
The upper- level employees were considered as a reference 
group, because women in this category were least likely to 
smoke during the pregnancy (based on cross- tabulations).
The information about smoking habits was collected 
and reviewed during antenatal visits. Smoking was a self- 
reported variable, divided into the following categories: 
non- smoking women, stopped smoking during the first 
trimester, women continuing to smoke after the first 
trimester and missing information. In this study, smoking 
status was considered as a dichotomous variable (yes or 
no). Non- smoking women and women who quit smoking 
during the first trimester were recorded as nonsmokers, 
and women continuing to smoke after the first trimester 
of pregnancy were categorised as the smoking group. 
Smoking had 2.6% (n = 23 968) missing data. We dropped 
women with missing information on smoking.22
We classified parity according to the total number of 
births. In our data, mother’s marital status was catego-
rised as married, cohabiting and single. We have divided 
the study period of 2000–2015 into four time periods 
(2000–2003, 2004–2007, 2008–2011 and 2012–2015) to 
evaluate changes of subgroup sizes and risks over time.
Statistical analyses
The statistical analyses were performed using SPSS 
V.25 and Stata V.15. P< 0.05 was considered statistically 
significant.
Characteristics of the study population were evaluated 
using the Pearson χ2 test and reported as number and 
percentage; to examine whether the distribution of cases 
of one categorical variable varies across categories of 
maternal age.
We explored the association between maternal age and 
smoking during the second and third trimesters of preg-
nancy using multivariate logistic models. Socioeconomic 
status (maternal occupation and education), marital 
status and parity were hypothesised to be associated 
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with both maternal age and smoking. To control for the 
confounding effect of maternal occupation, education 
(operationalised in the analysis using occupational status 
as a proxy for education) and parity, we performed sepa-
rate multivariate logistic models for each socioeconomic 
group among nulliparous and multiparous women. We 
further adjusted the association between maternal age 
and smoking by including marital status to the logistic 
models. We represented our assumptions regarding the 
association between maternal age, smoking and other 
study variables using a Directed Acyclic Graph (see online 
supplementary file).
For the second objective of the study, we conducted a 
series of multivariate analyses. We first evaluated the crude 
effect of maternal age on smoking during the second and 
third trimesters of pregnancy. Model 1 adjusted for parity 
and model 2 adjusted for socioeconomic status, parity and 
marital status. We assessed interaction on the multiplica-
tive scale (Statistical interaction) by entering the interac-
tion term between maternal age and socioeconomic status 
in the final model. To aid the final model interpretation, 
we calculated marginal estimates and predicted probabil-
ities based on logistic regression coefficients from the full 
model. We further assessed the interaction on the addi-
tive scale (biological interaction) by calculating the rela-
tive excess risk due to interaction (RERI).23
It is recommended to evaluate and present measures of 
interaction on both additive and multiplicative scales.24 
However, the results of interaction can be inconsistent 
depending on the scale is used to assess the interac-
tion.24 25 In this study, the motivation for interaction anal-
yses was to identify high- risk women who could benefit 
the most from the intervention. Because of this reason, 
the interpretation of effect modification was based on the 
results of interaction on the additive scale. Evaluation of 
additive interaction has been recognised to be relevant 
and crucial for life course theories and public health 
purposes.24 25
In this study, the ORs and adjusted ORs (aORs) were 
used as a proxy for prevalence ratios.
Patient and public involvement
Patients and the public were not involved in any aspect 
of this study.
RESULTS
Characteristics of the study population
The study population covered 932 671 women who gave 
birth in Finland from 2000 to 2015, among whom 82.5% 
(769 036) were non- smokers, 4.5% (41 984) stopped 
smoking during the first trimester and 10.5% (97 683) 
smoked after the first trimester. The proportion of women 
who smoked during the second and third trimesters of 
pregnancy decreased across all age groups from 2000 to 
2015 (See online supplementary table S1).
The minimum value for the variable age was 13 years 
and the maximum value was 55 years old with the median 
age of 30 years. The age variable was not normally distrib-
uted. The majority of births occurred among women 
aged 30–34, with only 2.5% of births attributed to 
teenage mothers (table 1). Teenage mothers were more 
likely to be manual workers, long- term unemployed, 
self- employed and with unknown socioeconomic status, 
while advanced maternal age women were more likely to 
belong to the categories of upper- level and lower- level 
employees. Teenage mothers were more likely to be 
single, nulliparous and smokers than other age groups. 
Furthermore, with increasing maternal age in our study 
population, women had a relatively stable partnership 
and non- smoking lifestyle (table 1). The absolute number 
of women who smoked during the second and third 
trimesters of pregnancy by maternal age and socioeco-
nomic status were summarised in the supplementary file. 
The largest number of women who smoked were women 
in manual occupations aged 20–24 years (8646 women) 
and 25–29 years (7556 women) as well as students 25–29 
years (5140 women) (see online supplementary table S2).
Relationship between maternal age and smoking status by 
parity and socioeconomic status
The relationship between maternal age and smoking for 
nulliparous and multiparous women were stratified by 
socioeconomic groups (table 2). The association between 
maternal age and smoking was strongest for teenage 
mothers across all socioeconomic groups. The association 
became weaker with increasing maternal age except for 
nulliparous women in manual occupations, nulliparous 
students and nulliparous with unknown socioeconomic 
status (table 2). Declines in smoking have been steeper 
among nulliparous women aged 25–29 years than their 
multiparous counterparts (figure 1). As figure 1 depicts, 
socioeconomic disparities in smoking prevalence across 
reproductive age exist for both nulliparous and multip-
arous women. However, the socioeconomic differences 
were larger for multiparous women than their nullipa-
rous counterparts.
The association between maternal age, socioeconomic status 
and smoking
The crude ORs identified strong associations between 
maternal age and smoking during the second and third 
trimesters of pregnancy across all maternal age groups 
(table 3). In comparison to women aged 30–34 years old, 
teenage mothers were almost eight times more likely to 
smoke during the second and third trimesters of preg-
nancy (OR 7.91, 95% CI 7.67 to 8.16). The ORs for the 
association between teenage mothers and women in their 
20s with smoking become stronger from 2000 to 2011 
(see online supplementary table S3).
In model 1, controlling for parity strengthened the 
magnitude of the association between maternal age 
and smoking during the second and third trimesters for 
teenage mothers, women aged 20–24 years and women 
aged 25–29 years. In model 2, marital status and socioeco-
nomic status were added. Women in manual occupations 
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(aOR 3.39, 95% CI 3.25 to 3.52) and long- term unem-
ployed women (aOR 4.49, 95% CI 4.30 to 4.68) were 
more than three and four times more likely to smoke than 
upper- level employees. The strength of the association for 
smoking across maternal age groups substantially attenu-
ated, although the pattern remained the same. The aORs 
of smoking were higher for single (OR 2.98, 95% CI 2.93 
to 3.03) and multiparous (OR 1.84, 95% CI 1.81 to 1.88) 
mothers than married and nulliparous women. In the 
final logistic regression model, the observed ORs for the 
joint effect of maternal age and socioeconomic status were 
significantly larger than what would be expected under 
the null hypothesis for unemployed women and women 
in manual occupations aged 35 years or older (table 3). 
Figure 2 provides predicted probabilities based on logistic 
regression coefficients from the full model (model 3).
Interactions on the additive scale between maternal age and 
socioeconomic status
We further assessed the interaction on the additive scale by 
calculating the RERI and the 95% CI for RERI (table 4). 
We found that the joint effects of maternal age below 20 
years, 20–24 years and socioeconomic status were larger 
than the sum of the individual effects of maternal age or 
socioeconomic status, except for women in the category 
of self- employed. Furthermore, we found a significant 
interaction on the additive scale between mothers aged 
25–29 years and long- term unemployed women (RERI 
2.26, 95% CI 1.67 to 2.85).
DISCUSSION
Statement of principal findings
The results obtained in our study showed that the prev-
alence of smoking during the second and third trimes-
ters of pregnancy was greater among teenage mothers. 
Single mothers and multiparous women were more likely 
to smoke than married and nulliparous women. In our 
population, smoking during the second and third trimes-
ters of pregnancy was less common among managerial 
occupations (upper- level employees), whereas long- term 
Table 1 Characteristics of the study population stratified according to the maternal age, from 2000 to 2015 in Finland
Maternal age (years)
Total (n, %)* <19 20–24 25–29 30–34 >35
23 028 (2.5)‡ 146 370 (15.7) 292 388 (31.3) 292 624 (31.4) 178 261 (19.1)
Characteristic†
  Socioeconomic status (n, %)
   Self- employed persons 938 (4.8) 5358 (4.3) 6806 (2.7) 5300 (2.1) 5345 (3.5)
   Upper- level employees 1019 (5.2) 7162 (5.7) 20 389 (8.0) 32 333 (12.7) 30 662 (19.9)
   Lower- level employees 2 979 (15.3) 22 728 (18.2) 57 650 (22.7) 71 297 (27.9) 52 239 (33.9)
   Manual workers 6687 (34.3) 39 395 (31.5) 60 681 (23.9) 48 574 (19.0) 26 785 (17.4)
   Students 3200 (16.4) 28 265 (22.6) 73 010 (28.8) 64 207 (25.1) 17 454 (11.3)
   Long- term unemployed 1924 (9.9) 8528 (6.8) 13 517 (5.3) 13 008 (5.1) 7698 (5.0)
   Socioeconomic status 
unknown
2765 (14.2) 13 454 (10.8) 21 418 (8.4) 20 640 (8.1) 13 705 (8.9)
  Marital status (n,%)
   Married or registered 
partnership
3806 (16.8) 56 233 (38.8) 171 376 (59.0) 195 889 (67.3) 117 653 (66.4)
   Single 18 681 (82.2) 87 152 (60.2) 117 339 (40.4) 93 666 (32.2) 58 726 (33.1)
   Missing 234 (1.0) 1387 (1.8) 1726 (0.6) 1419 (0.5) 863 (0.5)
  Parity (n, %)
   Nulliparous 17 175 (74.6) 71 251 (48.7) 110 097 (37.7 72 913 (24.9) 23 172 (16.0)
   Multiparous 5838 (25.4) 75 012 (51.3) 182 032 (62.3) 219 513 (75.1) 121 449 (84.0)
  Smoking status (n, %)
   Non- smoker 11 473 (49.8) 101 500 (69.3) 243 789 (83.4) 256 171 (87.5) 126 889 (87.7)
   Quit during the first trimester 2487 (10.8) 11 841 (8.1) 13 960 (4.8) 9371 (3.2) 3613 (2.5)
   Smoker§ 8380 (36.4) 29 181 (19.9) 27 487 (9.4) 19 724 (6.7) 10 292 (7.1)
*Row percentages.
†Column percentages.
‡Values are number and percentage.
§Smoker refers to those who did not quit smoking during the first trimester. All maternal age differences were statistically significant at 
p<0.001.
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Table 2 Adjusted ORs for the association between maternal age and smoking during the second and third trimesters of 
pregnancy across socioeconomic groups among nulliparous and multiparous women, from 2000 to 2015 in Finland
Socioeconomic status 
(SES)
Maternal age
(years)
  <19 20–24 25–29 30–34 >35
Nulliparous
  Self- employed persons 7.77 (7.41–8.14)* 3.40 (3.27–3.54) 1.29 (1.23–1.34) 1.00 (ref) 1.19 (1.12–1.26)
  Upper- level employees 8.68 (8.28–9.10) 3.79 (3.65–3.95) 1.41 (1.35–1.47) 1.00 (ref) 0.97 (0.91–1.02)
  Lower- level employees 6.55 (6.28–6.82) 2.94 (2.85–3.04) 1.20 (1.16–1.24) 1.00 (ref) 1.10 (1.06–1.15)
  Manual worker 5.31 (5.11–5.52) 2.55 (2.47–2.62) 1.16 (1.12–1.19) 1.00 (ref) 1.27 (1.22–1.32)
  Students 7.45 (7.14–7.78) 2.96 (2.86–3.07) 1.23 (1.18–1.27) 1.00 (ref) 1.43 (1.38–1.48)
  Long- term unemployed 6.41 (6.13–6.69) 2.85 (2.78–2.92) 1.46 (1.43–1.49) 1.00 (ref) 1.19 (1.13–1.26)
  SES unknown 5.75 (5.51–6.00) 2.66 (2.57–2.75) 1.15 (1.11–1.19) 1.00 (ref) 1.31 (1.26–1.38)
Multiparous
  Self- employed persons 5.25 (4.98–5.54) 2.77 (2.71–2.84) 1.45 (1.42–1.48) 1.00 (ref) 0.99 (0.96–1.01)
  Upper- level employees 5.30 (5.03–5.59) 2.81 (2.74–2.87) 1.44 (1.41–1.48) 1.00 (ref) 0.99 (0.96–1.01)
  Lower- level employees 5.12 (4.88–5.37) 2.74 (2.68–2.80) 1.41 (1.38–1.44) 1.00 (ref) 1.00 (0.98–1.03)
  Manual workers 4.80 (4.60–5.01) 2.66 (2.60–2.70) 1.42 (1.39–1.45) 1.00 (ref) 1.00 (0.97–1.02)
  Students 5.26 (5.01–5.52) 2.77 (2.71–2.83) 1.40 (1.37–1.43) 1.00 (ref) 1.04 (1.01–1.07)
  Long- term unemployed 5.40 (5.13–5.69) 2.83 (2.76–2.90) 1.46 (1.42–1.49) 1.00 (ref) 0.99 (0.96–1.01)
  SES unknown 5.37 (5.11–5.64) 2.81 (2.74–2.87) 1.45 (1.42–1.48) 1.00 (ref) 0.99 (0.97–1.02)
For the association between maternal age and smoking across socioeconomic groups, women aged 30–34 years, used as the reference 
group (ref).
*Adjusted OR, 95% CI (adjusted by marital status).
Figure 1 Relationship between maternal age and smoking during the second and third trimesters of pregnancy by 
socioeconomic status among nulliparous (A) and multiparous women (B), from 2000 to 2015 in Finland. Error bars indicate 95% 
CIs.
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Table 3 ORs and adjusted ORs (aORs) for the association between maternal age, socioeconomic status (SES) and smoking 
during the second and third trimesters of pregnancy, from 2000 to 2015 in Finland
Outcome Crude Model 1 Model 2
Model 3 (main 
effects+interactions)
  OR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)
Maternal age
  <19 7.91 (7.67 to 8.16) 10.56 (10.23 to 10.90) 6.02 (5.81 to 6.24) 14.79 (12.60 to 17.37)
  20–24 3.44 (3.37 to 3.51) 3.92 (3.85 to 4.00) 2.77 (2.71 to 2.84) 4.99 (4.47 to 5.56)
  25–29 1.43 (1.40 to 1.46) 1.53 (1.50 to 1.56) 1.35 (1.32 to 1.38) 1.64 (1.47 to 1.84)
  30–34 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
  >35 1.08 (1.05 to 1.10) 1.03 (1.00 to 1.05) 1.03 (1.01 to 1.06) 0.91 (0.81 to 1.02)
Parity
  Nulliparous   1.00 (ref) 1.00 (ref) 1.00 (ref)
  Multiparous 1.73 (1.70 to 1.75) 1.84 (1.81 to 1.88) 1.84 (1.80 to 1.87)
SES
  Self- employed persons 2.54 (2.40 to 2.69) 3.77 (3.32 to 4.28)
  Lower- level employees 2.17 (2.09 to 2.26) 2.66 (2.44 to 2.90)
  Upper- level employees 1.00 (ref) 1.00 (ref)
  Manual workers 3.39 (3.25 to 3.52) 4.63 (4.26 to 5.04)
  Students 1.97 (1.89 to 2.05) 1.85 (1.69 to 2.02)
  Long- term unemployed 4.49 (4.30 to 4.68) 5.94 (5.43 to 6.49)
  SES unknown 4.35 (4.16 to 4.55) 5.46 (4.96 to 6.01)
Marital Status
  Married or registered 
partnership
1.00 (ref) 1.00 (ref)
  Single 2.98 (2.93 to 3.03) 2.96 (2.92 to 3.01)
Interaction age*SES
  <19*self- employed persons 0.34 (0.27 to 0.44)
  <19*lower- level employees 0.48 (0.40 to 0.58)
  <19*manual workers 0.31 (0.26 to 0.36)
  <19*students 0.70 (0.57 to 0.84)
  <19*long- term unemployed 0.30 (0.25 to 0.36)
  <19* SES unknown 0.32 (0.26 to 0.39)
  20–24*self- employed persons 0.39 (0.33 to 0.47)
  20–24*lower- level employees 0.59 (0.53 to 0.67)
  20–24*manual workers 0.43 (0.39 to 0.49)
  20–24*students 0.89 (0.79 to 1.00)
  20–24*long- term unemployed 0.44 (0.39 to 0.50)
  20–24*SES unknown 0.51 (0.45 to 0.58)
  25–29*self- employed persons 0.66 (0.55 to 0.78)
  25–29*lower- level employees 0.78 (0.69 to 0.88)
  25–29*manual workers 0.72 (0.64 to 0.81)
  25–29*students 1.05 (0.93 to 1.19)
  25–29*long- term unemployed 0.77 (0.68 to 0.87)
  25–29*SES unknown 0.85 (0.74 to 0.97)
  >35*self- employed persons 0.99 (0.82 to 1.19)
  >35*lower- level employees 1.02 (0.90 to 1.15)
  >35*manual workers 1.24 (1.10 to 1.41)
  >35*students 1.05 (0.91 to 1.21)
Continued
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unemployed women and women in manual occupations 
were three to four times as likely as those in upper- level 
employees to smoke. Thus, both maternal age and socio-
economic status have independent effects on smoking. 
In addition to the above independent mechanisms, 
the results suggested that the effect of maternal age on 
smoking also depends on maternal socioeconomic status. 
Maternal age (below 20 years and from 20 to 24 years) 
and low socioeconomic status constitute synergistic inter-
actions on the additive scale, resulting in stronger effects 
on smoking.
Relation to other studies
These findings are consistent with previous studies that 
have shown increased risks of smoking during pregnancy 
for young, single and multiparous mothers as well as 
women with low socioeconomic status.15 26–28 However, no 
interaction between maternal age and socioeconomic status 
was reported in these studies. Interactions between maternal 
age and socioeconomic status have been investigated only 
on the multiplicative scale for adverse pregnancy outcomes 
than maternal risk factors.29 The results of additive interac-
tions indicated that young maternal age and low socioeco-
nomic status interact synergistically resulting in stronger 
effects on the risk of smoking. Focusing only on the results of 
multiplicative interaction, however, could lead to the wrong 
conclusion that smoking during pregnancy should not be 
targeted as aggressively among younger women compared 
with women 35 years or older with low socioeconomic status. 
Our findings showed that the joint effect of age and socio-
economic status on smoking during the second and third 
trimesters of pregnancy was scale- dependent.25 Although the 
results of this population- based study are likely to be highly 
Outcome Crude Model 1 Model 2
Model 3 (main 
effects+interactions)
  >35*long- term unemployed 1.19 (1.04 to 1.35)
  >35*SES unknown 1.07 (0.93 to 1.24)
Intercept 0.072 (0.071–0.073) 0.046 (0.045–0.047) 0.010 (0.010–0.011) 0.009 (0.008–0.009)
Model 1 is adjusted by parity; model 2 is adjusted by parity, marital status and SES; model 3 is adjusted by all variables included in 
model 2 and interaction term on the multiplicative scale between maternal age and SES.
Table 3 Continued
Figure 2 The probability of smoking during the second and third trimesters of pregnancy, predicted by age and 
socioeconomic groups. Maternal age 30–34, upper- level employee is the reference group. adjusted for parity and marital status. 
The interaction term is in the model. Error bars indicate 95% CIs.
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statically significant, because of the large sample size and the 
number of interactions that have been tested, other studies 
in Finland have indicated that the contribution of low socio-
economic status to adverse perinatal outcomes was to a large 
extent related to smoking during pregnancy.7 18 30 Our results 
were consistent with the results of these studies.
From a psychological point of view, young maternal age, as 
an age of instability, is an isolated risk factor for risky health 
behaviours and smoking during the pregnancy, mainly 
because of biological, social and psychological transitions 
during this period.31 From a sociological point of view, young 
mothers tended to have a higher likelihood of being single, 
having a spouse and friends who smoke and having less 
knowledge about the health risks of smoking.27 32 33 These 
individual- level risk factors for smoking are imbedded with 
women’s socioeconomic status. Poor socioeconomic situa-
tion, as an upstream social determinant, can contribute to 
unhealthy behaviours, maternal psychological stress and 
consequently higher risk of adverse pregnancy outcomes 
(downstream).34 Thus, a wide range of risk factors in low 
socioeconomic groups need to be addressed for public 
health intervention.
Study strengths and limitations
One of the strengths of this study is that the data were drawn 
from a comprehensive and reliable register- based database 
which represent the whole population of women in Finland. 
Large data increase the power of our study and the preci-
sion of the risk estimates. Furthermore, the information in 
MBR has been shown to have high coverage and validity.35 
Another strength of the study is that the smoking habits 
of women were assessed at every prenatal care visit, which 
provides better reliability than collecting information at the 
time of delivery only.
One limitation of this study was that there is no individual- 
level information on women educational level and income. 
In Finland, however, socioeconomic status, education and 
income are interrelated with occupation; women’s educa-
tional level shapes future employment, income and women’s 
position in society. For instance, managerial occupations in 
upper- level employee groups require higher university- level 
qualifications or manual occupations require few or no 
specific qualifications. Another limitation of the study was 
that the data on variable smoking were self- reported. Self- 
reported smoking habits may have underestimated the true 
prevalence of smoking, particularly women bellow the age 
of 30 years, nulliparous women, single mothers and women 
with low socioeconomic status are more likely to have under- 
reported.35 Thus, the associations between these variables 
and smoking could be underestimated, depending on the 
extent to which smoking has been under- reported. None-
theless, the information on the variable smoking has been 
previously validated.36 37 Furthermore, the results of ORs 
and aORs should be interpreted with caution. Since the 
prevalence of smokers was high in many subgroups, the ORs 
and aORs could overestimate the prevalence ratios, particu-
larly the OR and adjusted aOR for the association between 
teenage mothers and smoking.38 39T
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Implications for clinicians or policy-makers
Despite the increased awareness about the potential adverse 
effects of smoking on pregnancy outcomes and advice of 
healthcare professionals about quitting smoking from the 
first visit of pregnancy, the rate of smoking in early preg-
nancy has remained relatively stable in Finland since the 
mid- 1990s.28 At the same time, the prevalence of smoking 
during the pregnancy has decreased in the USA, Australia 
and all other Nordic countries.32 In addition, pregnant 
teenagers in Finland were more likely to smoke than other 
Nordic countries.32 Thus, interventions to address smoking 
have not been technically successful.
Among young women, especially those with low socioeco-
nomic status and students, smoking prevention and interven-
tion programmes could be integrated with other healthcare 
services or implemented through the preconception period, 
educational institutions and work sites.3 13 40
Moreover, studies have shown that pregnancy and routine 
prenatal care with systematic and well- design health educa-
tion are unique opportunities for evidence- based smoking 
cessation interventions.14 28 However, the limited success in 
implementing smoking intervention programmes during 
the relatively short duration of pregnancy may be due to lack 
of sufficient prioritisation, and not because of lack of moti-
vation in quitting smoking.40 41 Based on the results of the 
current study, policies should aim to improve a broad range 
of maternal risk factors especially among teenagers and low 
socioeconomic groups in order to prevent smoking during 
the pregnancy and improve birth outcomes. Pregnant 
women at a younger age with low socioeconomic status have 
a higher likelihood of being single or having an unwanted 
pregnancy. Therefore, single mothers are disproportion-
ately affected by other risk factors which are associated with 
smoking and consequently adverse pregnancy outcomes. 
Improving social support of teenage mothers could decrease 
the effect of these stressors.42 43 For multiparous women, 
especially those with low socioeconomic status, antismoking 
interventions are necessary to focus on changes in stage of 
behaviours by informing women about the adverse effect 
of smoking on pregnancy at the first stage, even if previous 
pregnancy had no adverse outcomes.44 45
Although the results of the current study indicated that 
teenage mothers with low socioeconomic status had elevated 
risks of smoking, at the same time, interventions need to be 
expanded to cover a larger number of women who smoked 
during the pregnancy. Thus, targeting high- risk women as 
well as women in manual occupations and students, as the 
largest number of women how smoked during pregnancy, 
should be seen as complementary to minimise the actual 
number of women who smoke during the pregnancy.46
In conclusion, smoking during the second and third 
trimesters of pregnancy was most common among teenage 
mothers across all socioeconomic groups. The associa-
tion between maternal age and smoking differed by socio-
economic status for young mothers. This, in turn, implies 
that current public maternity care, which is offered to all 
women free of charge either fails to a large extent to recog-
nise or target the high- risk groups or the high- risk groups 
are unresponsive to the current intervention programmes. 
Interventions should address a wider range of maternal risk 
factors among young mothers with low socioeconomic status 
and simultaneously target a broader number of women who 
smoke during pregnancy. Further research is needed to find 
optimal ways to target the high- risk groups as well as students 
to cut down the effects of preventable risks brought about by 
maternal smoking.
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